Common envelope to explosion delay time of type Ia supernovae by Soker, Noam
ar
X
iv
:1
90
5.
06
02
5v
2 
 [a
str
o-
ph
.H
E]
  1
9 M
ay
 20
19
Draft version May 21, 2019
Typeset using LATEX twocolumn style in AASTeX62
Common envelope to explosion delay time of type Ia supernovae
Noam Soker1, 2
1Department of Physics, Technion, Haifa, 3200003, Israel; soker@physics.technion.ac.il
2Guangdong Technion Israel Institute of Technology, Shantou 515069, Guangdong Province, China
ABSTRACT
I study the rate of type Ia supernovae (SNe Ia) within about a million years after the assumed
common envelope evolution (CEE) that forms the progenitors of these SNe Ia, and find that the
population of SNe Ia with short CEE to explosion delay (CEED) time is ≈ few × 0.1 of all SNe Ia.
I also claim for an expression for the rate of these SNe Ia that occur at short times after the CEE,
tCEED . 10
6 yr, that is different from that of the delay time distribution (DTD) billions of years after
star formation. This tentatively hints that the physical processes that determine the short CEED
times are different (at least to some extend) from those that determine the DTD at billions of years.
To reach these conclusions I examine SNe Ia that interact with a circumstellar matter (CSM) within
months after explosion, so called SNe Ia-CSM, and the rate of SNe Ia that on a time scale of tens
to hundreds of years interact with a CSM that might have been a planetary nebula, so called SNe Ia
inside a planetary nebula (SNIPs). I assume that the CSM in these populations results from a CEE,
and hence this study is relevant mainly to the core degenerate (CD) scenario, to the double degenerate
(DD) scenario, to the double detonation (DDet) scenario with white dwarf companions, and to the
CEE-wind channel of the single degenerate (SD) scenario.
Keywords: (stars:) white dwarfs – (stars:) supernovae: general – (stars:) binaries: close
1. INTRODUCTION
Type Ia supernova (SN Ia) research has advanced in
recent years due to new observations and theoretical
models, as well as sociology. First and for most one
must realise that as of 2019 there is no consensus on the
scenarios that bring white dwarfs (WDs) to experience
thermonuclear explosions as SNe Ia (for recent reviews
see Maoz et al. 2014; Livio & Mazzali 2018; Wang 2018;
Ruiz-Lapuente 2019, in particular Soker 2018 for a table
comparing the five scenarios). For that I list (in an al-
phabetical order) all binary scenarios and emphasise the
differences between them (rather than mentioning only
the two scenarios that were popular in the literature in
the previous millennium).
(1) In the core-degenerate (CD) scenario a CO WD
companion merges with the CO (or possibly HeCO) core
of a massive asymptotic giant branch (AGB) star dur-
ing a common envelope evolution (CEE). The CD sce-
nario is a separate scenario (e.g., Kashi & Soker 2011;
Ilkov & Soker 2013; Aznar-Sigua´n et al. 2015) because
(a) at explosion there is one star, (b) it leaves no rem-
nant, and (c) the delay time from CEE to explosion is set
by the evolution of a single WD remnant of the merger.
(2) In the double degenerate (DD) scenario two WDs
merge (e.g., Webbink 1984; Iben & Tutukov 1984),
most likely in a violent process (e.g., Pakmor et al.
2011; Liu et al. 2016) a long time after the CEE.
One major open parameter in the DD scenario is
the time delay from merger to explosion (merger
explosion delay, or MED; e.g., Lore´n-Aguilar et al.
2009; van Kerkwijk et al. 2010; Pakmor et al. 2013;
Levanon et al. 2015). This is a separate scenario be-
cause (a) at explosion or shortly before explosion there
are two WDs, (b) the explosion leaves no remnant, and
(c) the delay time from CEE to explosion is set mainly
by gravitational wave radiation of the two WDs. Note
that the two WDs need not be CO WDs, e.g., one of
them might be a helium WD or a HeCO hybrid WD
(e.g., Yungelson, & Kuranov 2017; Zenati et al. 2019).
(3) In the double-detonation (DDet) mechanism the
companion transfers mass to a CO WD, and the igni-
tion of the helium-rich layer that was accreted from a
companion ignites the CO WD (e.g., Woosley & Weaver
1994; Livne & Arnett 1995; Shen et al. 2018). This is a
separate scenario because (a) there are two stars at ex-
plosion where only one of them explodes and (b) it leaves
a surviving star, either an evolved helium star or a WD.
Although there might be two WDs at explosion, because
one WD survives the explosion this scenario is different
than the DD scenario. In many channels of the DDet
scenario the system experiences a CEE to bring closer
the helium-rich companion and the CO WD.
2(4) In the single degenerate (SD) scenario a WD ac-
cretes a hydrogen-rich material from a non-degenerate
companion. The WD reaches close to the Chan-
drasekhar mass limit (MCh), and explodes (e.g.,
Whelan & Iben 1973; Han & Podsiadlowski 2004; Wang et al.
2009), either as soon as it reaches this mass or much
later after it loses some of its angular momentum (e.g.,
Piersanti et al. 2003; Di Stefano et al. 2011; Justham
2011). This scenario is different than the other sce-
narios by that the WD reaches (≃ MCh) by accret-
ing hydrogen-rich gas. If the explosion takes place
after a long delay, it might leave behind a subdwarf
B star or a WD. In the CEE-wind SD scenario that
Meng, & Podsiadlowski (2017) suggested, the explosion
might occur shortly after a CEE if the WD is a hybrid
CONe WD (Meng, & Podsiadlowski 2018). In this sce-
nario, that Meng, & Podsiadlowski (2018) predict to be
≈ 5 − 10% of all SNe Ia, the WD accretes hydrogen-
rich material from the envelope of a giant star while it
spirals-in and ejects the envelope. This channel of the
SD scenario is relevant to the present study.
(5) The WD-WD collision (WWC) scenario involves
the collision of two WDs at about their free fall velocity
into each other (e.g., Raskin et al. 2009; Rosswog et al.
2009; Kushnir et al. 2013; Aznar-Sigua´n et al. 2014).
Toonen et al. (2018) conduct a thorough population
synthesis study and conclude, as some earlier stud-
ies did, that the SN Ia rate from the WWC scenario
might be of the order of 0.1% of all SNe Ia. Follow
up studies reach the same qualitative conclusion (e.g.,
Hallakoun & Maoz 2019; Hamers & Thompson 2019).
As this scenario seems incapable to explain even a small
fraction of SNe Ia, and it does not need the CEE, I will
not consider it anymore in the present study.
A different classification that is more relevant to the
explosion mechanism and the nucleosynthesis yield is to
WDs that explode with masses near the Chandrasekhar
mass limit, ‘MCh explosions‘, and WDs that explode
with masses below that mass, ‘sub-MCh explosions‘
(e.g., Maguire et al. 2018). Crudely, the DD, DDet,
and WWC scenarios belong to the sub-MCh explo-
sions while the CD and the SD scenarios belong to
MCh explosions. As there are indications for MCh ex-
plosions (e.g., Ashall et al. 2018; Dhawan et al. 2018;
Diamond et al. 2018) there is place to consider the CD
and the SD scenarios. However, some severe difficulties
with the SD scenario (e.g., Soker 2018) bring me to
prefer the CD scenario for MCh explosions. There are
also strong indications from the behaviour of SNe Ia for
the presence of sub-MCh explosions (e.g. Scalzo et al.
2014; Blondin et al. 2017; Goldstein & Kasen 2018;
Wygoda et al. 2019a; Levanon, & Soker 2019). For the
sub-MCh explosions I prefer the DD scenario (Soker
2018), possibly the hybrid DD scenario where there
is one HeCO WD (e.g., Yungelson, & Kuranov 2017;
Zenati et al. 2019).
In many cases more than one scenario can account for
a specific observation, and so it is mandatory to con-
sider all relevant scenarios. For example, the presence
of a circumstellar matter (CSM) is expected in some
SNe Ia of all scenarios, beside the WWC scenario. A
massive CSM with hydrogen is expected only in the
CD scenario, in the DD scenario, and in the CEE-wind
channel of the SD scenario. In the DD scenario this is
the case if the two WD merge shortly after the CEE.
For example, the CSM of SN Ia PTF11kx (Dilday et al.
2012) is too massive for most channels of the SD sce-
nario, and requires the CEE-wind channel of the SD sce-
nario (Meng, & Podsiadlowski 2017), the CD scenario
(Soker et al. 2013), or with some fine tuning the DD
scenario. For that, new discoveries of SN Ia-CSM (e.g.,
Graham et al. 2019) should consider all relevant scenar-
ios, and not only some channels of the SD scenario.
In the present study I consider the common envelope
to explosion delay (CEED) time of the CD and DD sce-
narios, some channels of the DDet scenario (those that
experience the CEE), an dthe CEE-wind channel of the
SD scenario. In section 2 I define the CEED time in
relation to the delay time distribution (DTD) from star
formation to explosion, and the merger/accretion to ex-
plosion delay (MED) time. In section 3 I derive a crude
expression to the CEED time and discuss its implica-
tions, and in section 4 I summarise this short study.
2. THE DELAY TIMES
2.1. Delay time distribution (DTD)
The DTD is the distribution of the delay time from
star formation to the actual SN Ia explosion, tSF−E.
Different studies with different techniques (see, e.g.,
Heringer et al. 2019) have deduced somewhat differ-
ent expressions for the DTD from observations (e.g.,
Graur et al. 2014; Heringer et al. 2017; Maoz, & Graur
2017). The two recent studies of Friedmann & Maoz
(2018) for the rate of SNe Ia in galaxy clusters and that
of Heringer et al. (2019) for field galaxies derive very
similar parameters in the expression for the DTD
N˙DTD ≡
(
dNIa
dt
)
DTD
= A
(
t
1 Gyr
)α
. (1)
Friedmann & Maoz (2018) deriveA = 5−8×10−13M−1⊙ yr
−1
and α = −1.30+0.23−0.16, while Heringer et al. (2019) derive
A = 7 ± 2 × 10−13M−1⊙ yr
−1 and α = −1.34+0.19−0.17. I
will use these results in what follows (but I note recent
different results, e.g., Frohmaier et al. 2019).
3Some studies compare this derived DTD to the
spiralling-in time due to gravitational wave emission
of two WDs in the frame of the DD scenario, tGW. But
it is important to remember that there are actually two
other evolutionary phases that add up to yield the total
delay time from star formation to explosion in the DD
scenario, tSF−E(DD). These are the times from star
formation to the formation of the two WDs in the post-
CEE phase, tSF−CE, and the time from the merger of
the two WDs to explosion, the MED time tMED (section
2.2). Namely,
tSF−E(DD) = tSF−CE + tCEED = tSF−CE + tGW + tMED,
(2)
where tCEED is the time from the end of the CEE to
explosion. If both tSF−CE ≪ tGW and tMED ≪ tGW
then the assumption tSF−E(DD) ≃ tGW holds.
In the CD scenario the WDs merge during the CEE,
and so
tSF−E(CD) = tSF−CE + tCEED = tSF−CE + tMED. (3)
I discuss the MED time in section 2.2 and the CEED
time in section 2.3.
Friedmann & Maoz (2018) fit their DTD down to
delay time of tSF−E = 1.5 Gyr and consider SNe Ia
to occur from tSF−E = 0.04 Gyr to present tSF−E =
13.7 Gyr. They find a production efficiency (defined as
Hubble-time-integrated SN Ia number per formed stel-
lar mass) of nIa ≃ 0.003 − 0.008M
−1
⊙ . Heringer et al.
(2019) consider SNe Ia to occur in the time interval
from tSF−E = 0.1 Gyr to tSF−E = 13.7 Gyr and find
nIa ≃ 0.003− 0.006M
−1
⊙ .
As for the slope of the DTD, Heringer et al. (2019)
note that a slope of α ≃ −1.35 falls between the ex-
pected value of the DD scenario and the DDet scenario
(e.g., Ruiter et al. 2011). Neunteufel et al. (2019) argue
that the DDet scenario with a non-degenerate helium
donor can account for no more than few percent of all
SNe Ia. Indeed, Ruiter et al. (2011) find in their pop-
ulation synthesis study that most of their DDet SNe
Ia come from WD donors. These systems experience a
CEE phase, and are relevant to the present study.
2.2. Merger to explosion delay (MED) time
In an earlier study (Soker 2018) I argued that in a
large fraction of SNe Ia there must be a substantial
time delay between the end of the merger of the WD
with a companion or the end of mass accretion on to
the WD and the terminal explosion of the WD as a
SN Ia. Several observations suggest the existence of a
merger/accretion to explosion delay (MED) time, tMED.
I give here a brief summary before I introduce the mo-
tivation for my definituon of the CEED time (section
2.3).
(1) If the explosion of the two WDs in the DD sce-
nario occurs as they dynamically interact, then the
explosion is asymmetrical (e.g., Kashyap et al. 2017;
Pakmor et al. 2012; Tanikawa et al. 2015; van Rossum et al.
2016), contradicting the structure of most SN Ia rem-
nants (SNRs Ia) that tend to be spherical or axisym-
metrical (e.g., Lopez et al. 2011). In that respect I note
that a surviving WD companion in the DDet scenario
also leads to a SNR Ia that possesses non-spherical
morphological features (e.g., Papish et al. 2015).
(2) Several SNe Ia show early (. 5 days) ex-
cess emission in their light curve (e.g., Marion et al.
2016; Hosseinzadeh et al. 2017; Shappee et al. 2019;
Dimitriadis et al. 2019; Jiang et al. 2018). According
to the SD scenario such an emission is expected in most
SNe Ia (e.g. Kasen 2010). However, such an emission
is possible also in the DD scenario, as the ejecta col-
lides with disk-originated matter (DOM; Levanon et al.
2015; Levanon & Soker 2017; Levanon, & Soker 2019).
Levanon et al. (2015) argued that in the frame of the
DD scenario the presence of an early excess emission
in only a small fraction of SNe Ia implies that in most
cases the MED should be longer than tens of years to
allow the DOM to disperse.
(3) Another limit is on the ionisation radiation tens
of thousands of years before the explosion of some SNe
Ia, e.g., Tycho SN Ia. Woods et al. (2017) find that
the medium around the Tycho is not ionised, and hence
was not ionised before explosion. Woods et al. (2018),
for Galactic SNRs, and Kuuttila et al. (2019), for Large
Magellanic Cloud SNRs, constrain the pre-explosion ion-
isation of more SNe Ia. These studies put limits on the
SD scenario. These results also put some limits on the
ionisation from the merging WDs in the DD scenario,
as merging WDs might emit strong UV radiation (e.g.,
Tornambe´ & Piersanti 2013).
Overall, I estimated (Soker 2018) that the MED time
of the DD scenario should be in many cases tMED(DD) &
105 yr, while in the SD scenario there are cases where
tMED(SD) & 10
7 yr. The DDet scenario with a WD
companion and the WWC scenario allow for no MED
time, and this is one of the problems of these scenarios
(Soker 2018). In the CD scenario the MED time is built-
in to the scenario, hence it is one of its advantages.
In those scenarios where the binary system experi-
ences a CEE, the time from the end of the CEE to ex-
plosion, tCEED, includes the MED time (section 2.1). In
the DD scenario the MED time is a small fraction of
tCEED, tMED(DD) ≪ tCEED, while in the CD scenario
tMED(CD) = tCEED, and its value might be up to bil-
4lions of years if the CD scenario can allow for a long
delay time (e.g., Ilkov & Soker 2012).
2.3. Common envelope to explosion delay (CEED)
time
The following considerations motivate me to define the
CEED time and study it.
(1) The ejecta of the Kepler SNR Ia interact with a
CSM (e.g., Sankrit et al. 2016). The non detection of
a giant star or a post-giant star (e.g., Kerzendorf et al.
2014; Medan et al. 2017) suggests that the CSM was
blown during a CEE in the frame of either the CD sce-
nario, the DD scenario, the CEE-wind channel of the
SD scenario, or the DDet scenario. In the CEE-wind
channel of the SD scenario for Kepler the remnant is a
subdwarf B (sdB) star that is below observational limits
(Meng, & Li 2019), while in the DDet scenario the rem-
nant is a WD that might also be below observational
limits and far from the center of Kepler SNR.
(2) The mass of the CSM in the SNe Ia-CSM PTF11kx
seems to be too large for the SD scenario with a giant
donor (Soker et al. 2013), and better fits mass ejection
in a CEE. But I do note that Meng, & Podsiadlowski
(2018) claim that their suggested CEE-wind channel of
the SD scenario can account for a more massive CSM,
such as that in PTF11kx.
(3) In the DD scenario and in the DDet scenario with
a WD donor the CEE forms the initial setting of two
WDs. In the CD scenario the CEE forms the single
WD merger product of the core and the WD companion.
In the CEE-wind channel of the SD scenario the CEE
ensures the right conditions to bring the WD to explode
(Meng, & Podsiadlowski 2017). These suggest that an
important time of evolution is the time from the end of
the CEE to the explosion itself, i.e., tCEED.
(4) The recent new derivations of parameters for
the DTD (Friedmann & Maoz 2018; Heringer et al.
2019) and the estimate of the fraction of SNe Ia-CSM
(Graham et al. 2019) allow an attempt to connect the
very short post-CEE time with times of > 1 Gyr.
I attempt now such a derivation.
3. ESTIMATING THE CEED TIME
DISTRIBUTION
3.1. SN Ia rates from observations
To crudely derive CEED time distribution I use the
following expressions.
(1) Very long DTD. I use equation (1), taking an
average time of 0.1 Gyr from star formation to CEE.
Heringer et al. (2019) use it as the formation time of
the WD. In the CD scenario this time corresponds to
a secondary star of zero age main sequence mass of
MZAMS,2 ≃ 5M⊙, that swallows the WD companion
and brings the system to core-WD merger. I take equa-
tion (1) with the new parameters of Friedmann & Maoz
(2018) and Heringer et al. (2019) to be then
N˙DTD = 0.19NIa
(
tCEED + 0.1 Gyr
1 Gyr
)−1.32
Gyr−1,
(4)
with an uncertainty of α ≃ −1.32± 0.2. This expresion
gives a total of NIa SNe Ia in the time interval t =
0.1 Gyr to 13.7 Gyr. The maximum rate this fitting
gives is at tCEED = 0 and it is N˙DTD = 4NIa Gyr
−1. For
tSF−CE = 0.04 Gyr (instead of 0.1 Gyr) the maximum
rate is N˙DTD = 9.5NIa Gyr
−1.
(2) SNe Ia inside planetary nebulae (SNIP). Tsebrenko & Soker
(2015) estimated that the fraction of SNe Ia that explode
within a CSM, i.e., a planetary nebula or a remnant of
a planetary nebula, is at least ≃ 20 ± 10% of all SNe
Ia. These are termed SNIPs, including SNe Ia that
explode inside proto-planetary nebulae (Cikota et al.
2017). Tsebrenko & Soker (2015) assumed that the dis-
persion time of the planetary nebulae is tSNIP ≈ 10
5 yr,
but might be as long as ≈ 106 yr. I take here the disper-
sion time to be tSNIP ≈ 3× 10
5 yr. For example, for an
expansion velocity of 10 km s−1 and an ejecta velocity
of 104 km s−1 the ejecta will interact with the CSM at
a SN age of ≃ 300 yr.
As an indication for the presence of a CSMTsebrenko & Soker
(2015) took the presence of two opposite protrusions
termed ‘Ears’ in the SNR (see also Chiotellis et al.
2016). They find that out of their 13 SNRs Ia two
posses ears and 4 maybe possess ears. From this they
estimated that ≃ 15 − 45% of the SNRs Ia are SNIPs.
However, the SNR Ia N103B that they did not list as
a SNIP does interact with a CSM (e.g., Williams et al.
2018). If I take the two SNRs that are known to inter-
act with a CSM from the list of 13 SNRs, Kepler and
N103B, I find the fraction of SNIPs to be ≈ 15%.
Overall, I take for the SNIP fraction out of all SNe
Ia and for the planetary nebula dispersion time fSNIP ≃
15 − 20% and tSNIP ≃ 3 × 10
5 yr, respectively, from
which I estimate the average SN Ia rate in the time
interval 0 < tCEED < 3× 10
5 yr to be
N˙SNIP =
fSNIPNIa
tSNIP
≈ (100− 1000)NIa Gyr
−1. (5)
This rate is much larger than the rate that equation (4)
gives for 0 < tCEED < 3× 10
5 yr, and so I conclude that
equation (4) cannot be used as is to give the SN Ia rate
short times after the CEE.
(3) SNe Ia-CSM. There are SNe Ia that show sig-
natures of interaction with CSM within months af-
ter explosion, e.g., PTF11kx (Dilday et al. 2012) and
5SN 2015cp (Graham et al. 2019). Such SNe Ia-CSM
are very rare (e.g., Szalai et al. 2019). From their de-
tection of CSM interaction 686 days after explosion
Graham et al. (2019) determine the maximum inner ra-
dius of the CSM to be RCSM . 10
17 cm. For a CSM
expansion velocity of 10 km s−1 the time from the end
of the CEE (assuming the CSM was formed in a CEE)
to explosion is tCSM . 3000 yr. Graham et al. (2019)
further estimate that the fraction of SNe Ia-CSM is
fCSM < 0.06 of all SNe Ia.
I crudely estimate the SNe explosion rate within the
CSM interaction time by taking tCSM ≈ 1000− 3000 yr
and fCSM ≈ 0.03 − 0.05. This gives for the average SN
Ia rate at tCEED = tCSM ≈ 1000− 3000 yr
N˙CSM =
fCSMNIa
tCSM
≈ (104 − 5× 104)NIa Gyr
−1. (6)
I note that the SN Ia fraction fSNIP ≃ 0.15−0.2 includes
the fraction fCSM . 0.06. Namely the fraction of SNe
Ia that explode inside extended planetary nebulae but
show no interaction within few years from explosion is
fSNIP − fCSM ≈ 0.1− 0.2.
3.2. A crude plausible short CEED time distribution
Equations (4), (5), and (6) show that the SN Ia rates
at short times after the CEE, i.e., the SNe Ia-CSM and
the SNIPs, require a different expression for their rate,
and that the time from the CEE to explosion, tCEED, is a
better measure than the time from star formation. The
two rates of the two populations, of SNIPs and of SNe
Ia-CSM, do not allow to derive an expression. I make
two more assumptions to derive a plausible expression,
but it is definitely not a unique expression. It only serves
to emphasise some properties of these populations.
(1) I assume that the time from the end of the CEE
to explosion, tCEED of a specific system is sensitive to a
parameter ℵ (pronounced ‘aleph’) according to
tCEED ∝ ℵ
η →
dℵ
dtCEED
∝ (tCEED)
η−1−1
; η ≫ 1,
(7)
and that ℵ decreases with time. Let the formation of
systems to be exploded, like WD binary systems in the
DD scenario or single WDs in the CD scenario, be dis-
tributed in a weakly-dependent manner on ℵ at the end
of the CEE. Namely,(
dNIa
dℵ
)
tCEED=0
∝ ℵǫ; −1 . ǫ . 1. (8)
From equations (7) and (8) one gets
N˙Ia =
dNe
dℵ
dℵ
dtCEED
∝ (tCEED)
ǫ/η
(tCEED)
η−1−1
≃ (tCEED)
−1 , for η ≫ 1.
(9)
This derivation is not new, e.g., Greggio (2005). For
the DD scenario, for example, the orbital decay is due to
gravitational radiation, so the parameter is the orbital
separation, i.e., ℵ → a with η = 4 and ǫ ≃ −1 and one
obtains dNIa/dtCEED ∝ (tCEED)
−1 (e.g., Maoz 2010).
But for the specific populations I focus on the parameter
might be another one, e.g, the angular momentum of the
WD that was formed by the WD-core merger in the CD
scenario.
(2) The second assumption I make is that the rate
of equation (9) is applicable in a relatively short time
range of t1 . tCEED . t2, where t1 ≈ 1000 yr and
t2 ≈ 10
6 − 107 yr. The upper limit is similar to what
Meng, & Podsiadlowski (2018) argue for in the CEE-
wind channel of the SD scenario.
I can use now the two rates given in equations (5)
and (6) with the above time limit, to write for the rate
shortly after the CEE
N˙Ia,short ≈ 10
3.7±0.2NIa
(
tCEED
104 yr
)−1
Gyr−1,
for 103 yr ≈ t1 ≤ tCEED ≤ t2 ≈ 3× 10
6 yr,
(10)
with large uncertainties in the time range and in the rate
itself.
Despite the large uncertainties in expression (10),
both in its form and in its numerical values, it empha-
sises two properties of the SN Ia population that takes
place shortly, within ≈ 103− 106 yr, after the CEE, i.e.,
SNIPs and SNe Ia-CSM.
(1) Integrating equation (10) over the time span and
for the lower value coefficient 103.7−0.2 gives a total
SNe Ia population of NIa,short ≈ 0.03NIa ln(t2/t1). For
t2 = 3000t1 this gives NIa,short ≈ 0.25NIa and for
t2 = 300t1 this gives NIa,short ≈ 0.18NIa. For the upper
value of 103.7+0.2 the values are 2.5 larger. Over all I
find NIa,short ≈ few × 0.1NIa.
(2) If we would have continue equation (1) to short
times down to t = 1000 yr, it would be always larger
than the rate given by equation (10) for t . 1 Gyr.
This hints that the physical processes that determine
the delay time to explosion shortly after the CEE are
not identical to those that determine the delay time at
very long times. Due to the very large uncertainties this
conclusion is only a tentative one.
4. SUMMARY
The goal of the present study is a derivation of a crude
SNe Ia rate as function of the time tCEED after the CEE
that, according to my assumption, forms the progenitors
of most SNe Ia. For that, the present study is relevant
to the CD scenario, the DD scenario, the DDet scenario
6with a WD companion, and to the CEE-wind channel
of the SD scenario.
While the usual DTD refers to a long time after star
formation (equations 1 and 4), in this study I focused
on the rate of SNe Ia that interact with a CSM within
months after explosion, so called SNe Ia-CSM (equation
6), and the rate of SNe Ia that interact with a CSM that
might have been a planetary nebula, so called SNIPs
(equation 5). To derive a plausible expression I made
two assumptions (section 3.2) and derive a crude (and
not unique) expression for the SNe Ia rate shortly after
the CEE (equation 10).
Despite the very large uncertainties in the parameters
and time span of equation (10) it emphasises the con-
clusions of this study.
1. There is a large population of SNe Ia, ≈ few× 0.1
of all SNe Ia, that explode a short time, within
tCEED ≈ 10
6 yr (and possibly up to tCEED ≈ 3 ×
106 yr), after the CEE.
2. The expression for the SNe Ia rate as a function of
time after the CEE cannot be the one that is used
for DTD long after star formation.
3. The previous conclusion hints that the physical
processes that determine the short delay time from
the CEE to explosion, i.e., of the SNe Ia-CSM
and of SNIPs that occur at tCEED . 10
6 yr, are
different (at least to some extend) from those
that determine the DTD at long time scales of
tCEED & 10
7 yr. This very tentative conclusion
deserves deeper studies.
This research was supported by the Israel Science
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